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The rresent invention relates to an electrical! j 
alterable semiconductor read only memory of tne type w.-_icr. 
_ = _ v ave "eroti-os of cells erased and.* mere particularly, tc 

a trcgr" g net-ioc, i.e. v. 6 =, 

ner-cry cf this type. 

Memories of this type are usually knows by the 
abbreviation Z^.OM (Electrically Alterable Read Only • 
Memory) and use, as. the data storage element, a device f 
which functions basically as an insulated gate field effect 
transistor (IGFIT). A device of this type is known and 
comprises, in addition to the normal source , drain and gate 
electrodes, a second gate electrode and an electrode which 
is immersed in the oxide which insulates the gate from the 
semiconductor substrate and is commonly called "floating 
gate". 3y applying suitable voltages between the accessible 
electrodes <5* . the device it is possible to charge electrons 
permanently in the floating gate (writing) or to remove 
electrons from the latter (erasure), as a result of which 
the memory element may be in two different states, corr- 
esponding to two different levels of the conduction thresh- 
old of the IGrZT transistor, to which it is possible to 
associate the two levels of a binary datum. Such {.Iteration 
are possible by means of phenomena of charge transfer across 
the oxide which surrounds the floating gate. In particular 
writing taxes place by generating high energy electrons in 

SEC 039444 



the channel of the IC-JIT transistor and =7 applying a high 
votage to both the accessible gates. An electrical field 
which is sufficiently intense to induce the high energy 
electrons to traverse the oxide until they reach The 
floating gate in which they are captured, is thus estab- 
lished across the oxide. Erasure is obtained by producing 
a strong electrical field between the floating gate and 
one of the two accessible gates. Heading is carried out by 
examining whether the transistor is conductive or not when 
a voltage having a value cocprised between the two thresh-- 
old levels defined by the floating gate in its two possihl^ 
charce states is applied to the accessible gates. : 

The construction and the operation of a device of 
this tyoe is described in further detail in the US Patent 

Specification 3 825 9*6- 

It has been observed that both the writing tine* and, 
in particular, the erasure time, must be increased with an 
increase in the number of programming cycles. This 
recuirement aDne^rs to be due to the fact that conduction 
across the oxide gradually decreases as a result of the 
capture of the electrons in the oxide itself. .This phenom- 
enon obviously, once reasonable limits have been fixed for 
the modification times, limits the service life of the mem- 
ory, i.e. limits the maximum number of modification cycles 
to which a cell may be subjected with a positive resu'.t. 

Designers of this type of memory know how to act on 
the eeometric and physical characteristics of- the basic 
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self, and also ^ow how to increase the modification cycle 
-ines to take into account the degradation of the oxide. 

The service life of the overall memory structure nay 
he United, however, not hy the maximum' of cycles which a 
single cell nay support, but hy effects connected with the 
circuit structure of the matrix of cells of which it is compose 

In particular, a memory in which erasure takes piaci 
by cell groups may have cells which are subjected to a 
large number of erasure cycles in a successive manner before 
being written for a first time. It has been observed thap 
a cell designed in such a way as to maximise the number of 
modification cycles, may reach a condition of "over-erasure" 
which may not be removed with a normal cycle , if it is 
subjected to a relatively low number of successive erasures. 
This drawback may be remedied, in accordance with the prior 
art, only by modifying certain structural characteristics 
of the cell. However, this requires a movement away from 
the optimum design criteria, as a result of which the cell 
has a shorter life than that of the optimum cell. In 
practice, the reduction of the service life is due to the 
fact that the initial erasure time, i.e. that of a virgin 
cell, must be longer than that of an optimum virgin cell, 
as a result of which as many modification cycles must be 
given up as are necessary for the erasure time of an optimum 
cell to reach, in order to compensate the degradation of the 
oxide, this longer tine. 
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According to the present inversion there is provided 
a method of programing an electrically alterable semiconduc- 
tor read only nemcry constituted by cells each of which comprises 
a structure f motioning as an insulated gate field effect 
transistor ( IG7ZT) having a conduction threshold designed" 
to have a firs- stable value higher than a first predeter- 
mined level, and a second stable value lower than a seconds- 
predetermined level in such a way as to represent the two •. 
possible states of a binary .digit, and connected together by 
row lines and column lines so as to form a natrix for- the stor- 
age of data in binary form, in which each cell nay be indiv- 
idually addressed for reading and writing by means of selection 

-he relative row lines and column lines and nay be made 
to pass from the written state to the erased state and ' 
in which each *»v may be selected for erasure in such a 
way that all its cells which are in the written state are 
brought to the erased state, wherein, in order to store a 
predetermined sequence of binary digits in a selected row, the 
following steps are carried out: writing of all the cells of 
the row which are not already written, erasure of all the ceils 
25 of the row and writing of those ceils of which the row are to 
show one predetermined level of the two logic levels which 
constitute the binary digits of the sequence to be stored. 
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rig. 1 scows, i- crcss-secricn and cn a very enlarge: 
scale, the active element of a silicon memory of the zyze 
having a double layer of polycrystalline silicon; 

* Fig. 2 shows the circuit arrangement of a memory 
cell incorporating the active element of Fig. 1; and 

Fig. 3 is a diagram, showing partly by circuit means 
and partly in blocks, a memory comprising a matrix of cells 
of the type of Fig. 2 and the relative reading and prog- ^ • 
ramming circuits required for implementing the method of ! 

the invention. 

The construction of Fig. 1 has a substrate 2 of a 
monocrystalline silicon, doped with P type impurities in 
which two regions 4 and 6 are formed, these regions being 
strongly doped with impurities of opposite conductivity 
(N+) and having the functions of source and drain. The 
substrate 2 is covered by a layer 8 of silicon dioxide and 
contains, completely insulated, an electrode 10 called 
floating gate constituted by polycrystalline silicon doped 
with impurities of N+ type. This electrode extends above 
the channel 12 defined by the source and drain region * 
and 6. A further two N-type polycrystalline silicon elec- 
trodes, indicated by 14- and 16, are disposed on the oxide 
layer 8 and are each above a portion of the floating gate 



SEC 039448 



20 



O 



_ . _. ~-- c "P. a~d 20 ~33S ~'r_rou£h the oride 

layer 8 in order tc enable -He electrical connection of 
-he source and drain regions * and 6 to an external 
circuit. The gate electrodes - and "6 are also connected 
to an external circuit preferably by neans of doped ;7- 
type polycrystalline silicon tracks. The source, .drain, 
cancellation gate and writing gate terminals are indicated 
by the symbols S,D,C-Z and' GW respectively. 

The above-described structure functions as an S- 
channel IGFZT transistor with an insulated gate, a — oat -. 
ing gate and two externally accessible gates and may be ► 
used, in a manner known per se , in combination with an N r 
channel enrichment field effect transistor of normal 
me which we will call a selection transistor, in order 
to form an electrically alterable read only memory cell. 
The circuit arrangement of the cell is shown in Fig. 2 
in which TM represents the storage transistor formed by 
the construction of Fig. 1 and TP represents the selection 
transistor. The source electrode of TP is connected to 
the drain electrode of TM and the terminals of the cell 
are constituted by the drain DP and the gate GP of TP, as 
well as by the source S and -the writing gate GW and 
cancellation gate GZ of TM. 

The storage transistor TM, as stated in the intro- 
duction to the present description, may be in two : uif ferent 
electrical states in accordance with the charge present 
in the floating gate. In the following description it is 
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-T-shold of the trans is ~o. ,M -S ..- 6 

• v.—* or cancelled , v:nen 

-redetermined level ana nou v.*** — . 

. . - ^ mvr -e lover t nan ^ SeC ' ^ - 

-, e vel -which is lower than the first. 

,.. r. - Pw-s" 1 now be desc- 

— n r -he cell of - * w 

Operation o_ 

ri - oed .' Writing Pl«c *T tb * 4s * te 

p * z h voltage (a?--wX- 

accessiole ga„es ^ - w - 

- of i-ho source electrode S ana -tie 
25 Volt), in respect of ^ sou -^ 

-it— -j- -j-v^o sasie potential as 
^ — 2 which is normally a, * 

-he .cure. S. In these conditions, the transistor IP x. f 
conductive, the electrodes acquire hi* enemies in the , 
^ ,Z of th. transistor and, an electrical fielo 
„h<ch causes the transfer of the high energv electrons 
< at , the floats gate is established across the ox,ae 

4.i-„ 10 from the channel tz. 

which separates the floating ga.e ™ 

order to cancel the cell, the cancellation gate C-S ,s 
.attained at a high voltage (25 Tolt)in respect of the source 
S and the writS* gate, as well as one at least of the 
terminals GP and DP, is bought to the lowest possible 
potential. As the result of a capacity effect, there 

- -h* oxide which separates the gate GE 

is '"o^ea across «.ne uj<._<j.= 

ai - P 10 an electrical field of sufficient 
from the floating gate 10 an e.ec 

^e'^ty to remove electrons from the floating gate. 

* a cell having deterged geometrical ana aorpn- 

, v, 3 ^ P ^s-ics «s used and as the levels and the 
ological characters «ics 

^™ of the operating votages are fixed, 
times of application 01 tne 

ae pr, N -channel enrichment field 
the device SS henaves as an cna_ SEC 039450 




variable between ;wo levels as a function cf rhe charge 
accumulated in the floating gare . The condition of the 
cell may be read by applying a voltage lower rhan che 
programming voltage to the electrode DP and by applying 
a voltage to the terminals G?, GZ and GW, this voltage 
being positive in respect of the terminal S and having an 
amplitude which is not sufficient to modify the charge of 
the floating gate 10, but sufficient to cause the selection 
transistor TP to conduct in every case and to cause the 
transistor TM to conduct only when it is in the lower £ 
threshold condition (non-written cell). The absence or * 
presence of current between the source terminal S and 'the 
drain terminal DP of the cell, detected by means of a 
suitable circuit, indicates whether the cell is written 
or erased respectively. The difference between the two 
threshold levels is determined at the design stage taking 
into account, essentially, the variability, due to manuf- 
acturing tolerances, of the electrical parameters of the 
cell, to the degradation of the physical characteristics 
of the cell during its normal operation and to the sensit-. 
ivity of the reading circuits. 

In order to illustrate the programming method of 
the invention, reference is now made to Fig. 3, which 
shows, for reasons of simplicity, only three of a multi- 
plicity of cells forming a memory matrix with the related 
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terirheral circuits. All the cells ci the matrix have 
their source electrode ccr_r.ected to a ccrr.cn, cr earth, 
-err.ir.al, and all the cells of a row have their 
selection gate electrodes G? and writing gate electrodes 

5 GV connected together to a row line ISW and their erasure 
- £ - e electrodes GI connected to another row line LGZ. Zach 
of the pairs of lines LGV and LGZ of each row is 
connected to a suitable row decoding circuit, indicated 
by a. block DP., via a row writing drive circuit DW and 

10 a row erasure drive circuit. DE respectively. - . 

All the cells of a column have their dram elec traces | 
D? connected, across a column -Une LD to a decoding and; • 
column control circuit, indicated by a block DC. The 
row and coluan decoding circuits DR and DC are connected 

15 to external circuits (not shown) which generate address 
sicnals. The connections for the address signals are 
provided in parallel by means of groups of terminals, 
whose number depends on the number of cells of the 
matrix, aad^are indicated by NR for row decoding and 

20 by NC for column decoding. The column decoding circuit 
DC has, in addition, a data output terminal UD and an 
input terminal LS for the read/write command. A similar 
read/write/erase input terminal LSC is provided for all 
the row drive circuits DW and DZ. 

25 in ooeration, one cell of the matrix is selected 

for reading or writing when signals identifying the 

the column at whose intersection the cell -S 
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decoding circuits 32 and DC. If there is a reading 
command ar the inputs !S and LSC, the row lir.es Z.Z*' and 

_ ... -i _„ - - - o ~.t> =p" 3c _s d are brought rc the 
LC-Z anc :ne column -— e =e_-c 

5 predetermined reading voltage and a signal of a high 
or low level according to the state of -the selected 
cell becomes available at the data output terminal UD. 
If the writing command is present at the terminals LS ^ 
and LSC, the rows and columns selected receive the" 

10 writing voltages and the conduction Threshold of the ^. 
selected cell is increased beyond the minimum written Z 
cell level. 

Erasure takes place by selecting the row to be 
erased by means of the application of the corresponding 
15 address to the input NR of the row- decoder DR and the 
application of an erasure command to the inputs LSC. 
In response to this command, the line LGE is brought 
to the predetermined erasure voltage and the other line 
LGW is "brought, to the earth potential. 
20 If it is then desired to store a binary number in a 
predetermined row of the memory, considering a written 
cell to contain a "1" and a non-written ceil to contain 
a "0", the cells of the selected line are subjected 
''"-rdua 1 lj , and preferably in succession, to the writing 
23 condition, as a result of which the ncn-wrirten cells of 
the row are writ-en and those which are already writ-en 
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which is already written to writing, causes an unneces- 
sary degradation of the cell itself, it is also possible 
to limit writing to the non-written cells alone. All 

5 the cells of the row are then simultaneously erased, 
as provided for by the circuit connections of the 
matrix. Finally only the cells of the row designed 
to show "1" are written. 

With the above programming method of the invention . 

10 as described above, all the cells of each row subjected 
to modification undergo the same number of erasure 
cycles from a written cell condition and, therefore, 
none of them are able to be "over-erased". Consequently 
the structure of the cell may be achieved by taking 

15 into account solely. the design criteria which maximise 
the number of modification cycles and therefore the 
service life of the memory is the maximum possible. 
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^ -* *c - ar> electrically 

alterable sezicc--— - : - ^ — „ — 

. ^ ..v-^v rC rr^co S a structure functioning 

as an irsula-ed ga~e field effect transistor (ZC-IZT) 
having a conduction threshold desired -o have a first 
stable value higher than a first predetermined level, 
and a second stable value lower than a second predeter- 
mined level in such a way as to represent the two 
possible states of a binary digit, and connected - 

. -i . _ Q c a ~r« column lines so as to :br= 
together by row l_nes a_C co j.— 

for the storage of data in binary fom, in which each ? 
CS H nay be individually addressed for reading and 
writing by neans of selection of the relative row and col- 
umn lines and nay be nade to pass from the written state 
to the erased state and in which each row nay be 
selected for erasure in such a way that all its cells 
which are in the written state are brought to the 
erased state, wherein, in order to store a predetermined 
sequence of Siaary digits in a selected row, the 
following steps are carried out: writing of all the 
cells of the row which are not already written, 
erasure of all the cells of the row and writing of 
those cells of the row which are to show one predeter- 
mined level of the two logic levels which constitute 
the binary digits of the sequence to be s-cored. 
2. A method of programmes an electrically 

alterable read cr.iy rerory =>-c=-3 a„^ a_ 

described with reference ro the accompanying cravings. 
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